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© METHOD OF CONTROLLING BACKLASH ACCELERATION. 
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© A method of controlling a backlash acceleration 
for effecting a more accurate timing of the start of 
backlash acceleration correction in a servosystem 
performing feed -forward control. In this method, 
backlash acceleration correction is started on rever - 
sal of the quantity of feed -forward from a positive 
value to a negative one or vice versa. Said correc - 
tion may be started when a value of a speed com - 
mand corrected by the quantity of feed -forward is 
reversed from a positive value to negative one or 
vice versa. With approach of a feed -forward co- 
efficient to [1], a positional deviation reaches almost 
[0] and delay of actual move from a move command 
comes to almost none. Accordingly, positional vari - 
ation in directional reversal of a move command 
makes difficult the timing of the start of backlash 
acceleration correction, causing it to vary. However, 
at the time (Ts) of reversal of a feed -forward 



quantity from a positive value to a negative one or 
vice versa, a directional reversal position is indicated 
more accurately. 



F I t. 4 




BNSDOCID:<EP 0540761 A1 I > 



Rank Xerox (UK) Business Sen/ices 

(3.10/3.6/3.3. M 



EP 0 540 761 A1 



TECHNICAL FIELD 

The present invention relates to a servo control 
method for controlling a servo-motor, which ac- 
tuates a feed rod of a table and the like constituting 
a machine tool, and more particularly to a backlash 
acceleration correction applied when a shifting di - 
rection of the feed rod is reversed. 

BACKGROUND ART 

In machine tools, when an actuating direction 
of a servo-motor for actuating the table and the 
like is reversed, it is usual that a driven part of the 
machine cannot promptly response to or follow the 
reversing movement of the servo - motor because 
of backlash of feed screw or the effect of friction. 
For this reason, when a machine tool is performing 
profile machining, a protrusion may be formed on a 
cut surface of the workpiece when a shifting di- 
rection of a feed rod equipped in the machine tool 
is reversed. 

For example, it is supposed that the machine 
tool operates to cut the workpiece in an arc shape 
on a plane defined by two axes of X-axis and Y- 
axis. And then, the table moves from one quadrant 
to another quadrant when the table is driven to 
move toward the plus in the direction of the X- 
axis and toward the minus in the direction of Y- 
axis. In this instance, if the table is actuated to 
move continuously in the same direction with re- 
spect to the Y-axis and, to the contrary, actuated 
to turn toward the minus in the direction of the X- 
axis, it is expected that no problem will occur with 
respect to the Y-axis because the cutting opera- 
tion is continuously and smoothly carried out at the 
same speed in the direction of the Y-axis. How- 
ever, the positional deviation in the direction of the 
X-axis becomes "0" and therefore, first of all, its 
torque command value becomes smaller, so that 
the servo-motor cannot reverse its turning direc- 
tion immediately due to friction, and also, the 
shifting direction of the table cannot be imme- 
diately reversed due to backlash of a feed screw 
provided for feeding the table. Thus, the shifting 
movement of the workpiece in the X- direction 
cannot follow the shifting command and, therefore, 
there is caused a delay in the response of the 
workpiece. As a result of such a delay, a protrusion 
will be formed on the arc -shaped cut surface. 

In order to eliminate or reduce this kind of 
protrusion, so-called backlash acceleration has 
been employed in such a manner that, when a 
shifting direction is reversed, a positional backlash 
correction is applied to a positional deviation and 
further, when the positional deviation is reversed, 
the servo - motor is accelerated in its reversing 
direction by adding an adequate amount of cor- 



rection (i.e. an acceleration amount) to the speed 
command in order to reduce the protrusion in the 
transition phase from one quadrature to another 
quadrature, as disclosed, for example, in the Un- 
5 examined Japanese Patent Application JP, A, 4- 
8451. 

Furthermore, to reduce the amount of the po- 
sitional deviation in a servo motor system for con - 
trolling a machine tool, a feedforward control is 
io employed. Especially, in the case where a machine 
tool operates to cut a workpiece in a high-speed 
operating mode, a time lag in the servo system will 
cause an error in finished cut shape of the work- 
piece. 

75 In order to reduce such a shape error, as 

disclosed in the Japanese Patent Application Serial 
No. 2-301154, filed by the same applicant of the 
present application, there has been developed a 
feedforward control wherein a feedforward amount 

20 is obtained by smoothing a shift command sup- 
plied from a numerical control apparatus, and thus 
obtained feedforward amount is added to a speed 
command that is calculated as an output of a 
position loop by multiplying a positional deviation 

25 by a position gain, thereby executing a speed loop 
processing on the basis of this corrected speed 
command. 

This feedforward control will be explained with 
reference to Fig. 4. DDA (Digital Differential Ana- 

30 lyzer) 10 splits a shift command Mcmd supplied 
from a CNC (Computer -equipped Numerical 
Controller) at a regular interval of a distribution 
period into shift commands corresponding to po- 
sition and speed loop processing periods. An error 

35 counter 11 obtains a positional deviation by adding 
the values subtracting a feedback amount Pfb from 
the speed command outputted from the DDA 10. 

A speed command term 12 obtains a speed 
command, multiplying the positional deviation 

40 stored in the error counter 11 by a position gain 
Kp. A reference numeral 13 denotes a speed loop 
term, and a reference numeral 14 denotes an in- 
tegration term that integrates the servo-motor 
speed so as to detect a position. 

45 Furthermore, an advance - factor term 15 is 

used in a feedforward control. This advance - factor 
term 15 serves to advance the shift command 
outputted from the DDA 10 by an amount cor- 
responding to d period of the position and speed 

so loop processing period. 

A smoothing circuit 16 executes a processing 
for obtaining an average value. A reference nu- 
meral 17 denotes a feedforward amount term for 
multiplying the value outputted from the smoothing 

55 circuit 16 by a feedforward coefficient a to obtain a 
feedforward amount. 

Then, thus obtained feedforward amount is 
added to the speed command, which is obtained 
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by multiplying the positional deviation by the po- 
sition gain Kp. Thus, a corrected speed command 
Vcmd is obtained as a control value corrected by 
the feedforward amount. Then, the speed loop 13 
carries out its processing on the basis of thus 
corrected speed command Vcmd. 

In the case where the servo - motor is con - 
trolled in such a servo system, if the feedforward 
coefficient a is close to "1 ", most of the speed 
commands Vcmd will be determined by the com - 
mand produced by the feedforward control. In other 
words, the positional deviation becomes nearly 
equal to "0". 

Furthermore, as the command produced by the 
feedforward control has advanced phase, the phase 
of the positional deviation is delayed relative to the 
feedforward command. 

Moreover, when the feedforward coefficient a is 
close to "1", the motor will hardly delay in its shift 
position with respect to the shift command. Con - 
sequently, the positional deviation being nearly 
equal to "0", and the phase being delayed, it will 
be difficult to determine the point for initiating a 
backlash acceleration correction at the time of re- 
versal of shifting direction on the basis of the 
positional deviation. 

Still further, as an actual position of the motor 
is not delayed against the shift command, if the 
distribution period of the CNC is too long (normally, 
the distribution period is longer than the position 
and speed loop processing period), the initiating 
time of the backlash acceleration correction may 
disperse depending on the starting point of ma- 
chining program (point a1 indicated in Figs. 5a and 
5b, for example). 

Figs. 5a and 5b show examples of an arc- 
shape cutting operation. When the positions ac- 
cording to the respective shift commands in each 
distribution period are given as a1, a2, a3 and a4 
respectively, as illustrated in Fig. 5a, in performing 
the arc -shape cutting operation, the actual rever- 
sal of the direction of shift with respect to Y-axis 
can occur either at position a2, which is a position 
before the right position for reversal, or position a3, 
which is a position after the right position for re- 
versal as illustrated in Fig. 5b, depending on the 
condition of the shift command in each distribution 
period. 

When the feedforward coefficient** is nearly 
equal to "0", and thus the effect of the feedforward 
component on the speed command Vcmd is rela - 
tively small, the positional deviation causes a delay 
of several 10 msec (i.e. a value corresponding to 
1/Kp). Hence, above - described dispersion can be 
absorbed by this delay, causing no problem. 

However, when the feedforward coefficienta is 
close to [1], the delay of actual position is almost 
nonexistent in relation to the shift command. Thus, 



an error may be enlarged if the backlash accel- 
eration correction is initiated at the above -ex- 
plained reversing point of position deviation. 

5 DISCLOSURE OF INVENTION 

An object of the present invention is to realize 
a backlash acceleration correction which is capable 
of initiating a backlash acceleration at an optimum 

70 position where the shifting direction is really 
changed, even in the case where the feedforward 
coefficient is nearly equal to "1", thereby improv- 
ing working accuracy. 

In order to solve above - problem, the present 

75 invention provides a backlash acceleration control 
method comprising steps of: obtaining a feedfor- 
ward amount through a smoothing processing in 
which a shift command of a position and speed 
loop processing period and another shift com- 

20 mands respectively corresponding to several 
periods arrayed before and after the position and 
speed loop processing period are averaged; ex- 
ecuting a feedforward control on the basis of said 
feedforward amount; and initiating a backlash ac- 

25 celeration correction at a time when said feedfor- 
ward amount is reversed from positive to negative 
or vice versa, or at a time when a speed command 
is reversed from positive to negative or vice versa, 
where said speed command is obtained in such a 

30 manner that a positional deviation is multiplied by a 
position gain, and this multiplied result is then 
added to said feedforward amount. 

When a value of the feedforward coefficient a 
approaches "1", the positional deviation becomes 

35 nearly equal to "0", and the speed command 
Vcmd modified by the feedforward amount will 
become substantially the same as the component 
obtained by the feedforward control, so that an 
accurate backlash acceleration correction can be 

40 executed as far as an initiating time for the back - 
lash acceleration correction coincides with a point 
where the sign of the feedforward amount is re- 
versed. 

Also, the initiating time of backlash acceleration 
45 correction may be the point of time where the sign 
of the speed command Vcmd modified by the 
feedforward amount is reversed. 

BRIEF DESCRIPTION OF DRAWINGS 

50 

Fig. 1 is a flow chart showing a processing 
executed by the processor of the digital servo 
circuit in each distribution period in order to 
carry out a feedforward and a backlash accel- 
55 eration correction in accordance with one em- 
bodiment of the present invention; 
Fig. 2 is a flow chart showing the part of feed- 
forward and the backlash acceleration correction 
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processing to be respectively executed in each 
position and speed loop processing period by 
the processor in the digital servo circuit; 
Fig. 3 is a flow chart showing the remainder of 
Fig. 2; 

Fig. 4 is a block diagram showing a servo sys - 

tern performing the feedforward control; 

Fig. 5 is an explanatory view showing the dis - 

persion of point where the shifting direction is 

reversed; 

Fig. 6 is an explanatory view showing the rela- 
tionship between the shift command and the 
feedforward amount; 

Fig. 7 is a block diagram showing the digital 
servo system for executing the embodiment of 
the present invention; and, 

Fig. 8 is an explanatory view showing dispersion 
of point where the shift direction is reversed in 
an example for cutting an arc shape. 

BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

In the feedforward control of the servo system 
as is shown in Fig. 4, where the advance - factor 
term 15, the smoothing processing circuit 16 and 
the feedforward coefficienta term 17 are given, its 
feedforward amount FFO can be obtained from the 
following equation (1). 

FFO = a • Z d (1 + Z" 1 + Z" 2 + + 

z -(n-D) .(DDAdata)/N (1) 

Where N = (distribution period / position and 
speed loop processing period), and DDA data is a 
shift command in a position and speed loop pro- 
cessing period. 

For example, when the feedforward coefficient 
a equals to "1"; the distribution period is 8 msec; 
and the position and speed loop period is 1 msec, 
as an advanced amount by the advance - factor 
term 15 is set to approximately half of the dis- 
tribution period, the d of advance - factor 15 is 4 or 
3. For instance, if the d is set to 3, the equation (1) 
can be rewritten into the following equation (2). 

FFO = (Z 3 + Z 2 + Z 1 + 1 + Z" 1 + Z" 2 + Z" 3 
+ Z"*) .(DDA data) / 8 (2) 

That is, the feedforward amount FFO is defined 
as a value to be obtained by first averaging N 
pieces of shift command (DDA data) arrayed 
evenly before and after the shift command (DDA 
data) of the present position and speed loop pro- 
cessing period, and then multiplying thus obtained 
average value by the coefficient a. 

If it is supposed that a shift command of [8 x 8] 
is outputted from the CNC in the first distribution 



period, and then a shift command of [-16 x 8] is 
outputted in the second distribution period, a shift 
command in each position and speed loop pro- 
cessing period is obtained as [8] in the first dis - 
s tribution period and obtained as [-16] in the next 
distribution period as indicated by P in Fig. 6. 

On the other hand, the feedforward amount 
FFO obtained by the equation (2) is represented by 
a shaded part designated by Q in Fig. 6. As shown 

w in Fig. 6, a negative or positive sign of the shift 
command of the distribution period is reversed at a 
time Tn while a positive or negative sign of the 
feedforward amount FFO is reversed at a time Ts. 
Furthermore, if considered as a continuous system, 

75 a sign reversing time, i.e. a direction reversing 
time, is defined as Tc. 

The sign reversing time Ts of the feedforward 
amount FFO is rather closer to the sign reversing 
time Tc of the continuous system than the sign 

20 reversing time Tn of the shift command of dis- 
tribution period, thereby more accurately indicating 
the reversing time of the shift direction. 

Fig. 7 is a block diagram showing an essential 
part of a servo - motor control system applied to a 

25 machine tool, which embodies an example in ac- 
cordance with the present invention. In Fig. 7, a 
CNC 20 controls a machine tool, and a common 
memory 21 receives various commands supplied 
from the CNC 20 for use in the servomotor and 

30 transmits them to a processor in the digital servo 
circuit 22. 

The digital servo circuit 22 is constituted by the 
processor, ROM and RAM. The processor ex- 
ecutes controls such as a position control, a speed 

35 control, and a current control. A servo amplifier 23 
is constituted of components such as transistor 
inverters. A servo - motor 24 actuates a feed rod of 
the machine tool. A pulse coder 25, as a position 
detector, detects a rotational position of the servo - 

40 motor 24 and feeds the result back to the digital 
servo circuit 22. By the way, Fig. 7 shows only a 
servo-motor and a servo amplifier for a single 
feed rod. 

Figs. 1, 2 and 3 are flow charts showing a 
45 feedforward processing to be executed by the CPU 
of the digital servo circuit 22. Fig. 1 shows a 
processing carried out in each distribution period. 
Figs. 2 and 3 show a feedforward processing and a 
backlash acceleration correction processing to be 
so carried out respectively in each position and speed 
loop processing period. By the way, the remain- 
ders of this control other than the feedforward 
processing are the same as the previous ones and 
therefore omitted here. 
55 The CPU of the digital servo circuit 22 ex- 

ecutes the processing defined in Fig. 1 in every 
distribution period. First, in step S1, the CPU reads 
in a next shift command Mcmd (a shift command 
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to be supplied following the shift command for the 
present position and speed loop processing) from 
the common memory 21, and judges whether or 
not the shift command Mcmd read in the step S1 is 
"0". If "0", the CPU proceeds to step S6. If not 
"0", the CPU proceeds to step S3, wherein this 
shift command Mcmd is multiplied by a shift 
command, which has been read in immediately 
preceding period and stored in a register Rz, and, 
judges whether or not thus multiplied value is 
negative. 

That is, it is judged whether or not a positive or 
negative sign of the shift command read in this 
period is reversed against a sign of the shift com - 
mand, which has been read in immediately pre- 
ceding period. By the way, the register Rz is ini- 
tially set to "0". 

If the result in the step S3 is negative, the CPU 
proceeds to a step S4, and a flag F1 is set to "1" 
in order to show that the sign of the next the shift 
command will be reversed in this step. 

Then, in step S5, the shift command read in 
this period is stored in the register Rz. 

Furthermore, if the result in the step S3 is not 
negative (with the shift command not reversed), the 
CPU proceeds to the step S5 without setting the 
flag F1 to "1". 

Next, in step S6, a register R3 is updated by a 
value stored in a register R2; the register R2 is 
updated by a value stored in a register R1; and the 
register R1 is updated by the shift command 
Mcmd read in the step S1 in this period. 

As will be described later, the position and 
speed loop processing carries out the DDA pro- 
cessing on the basis of the shift command Mcmd 
stored in the register R2 to obtain a shift command 
for each position and speed loop processing so 
that each position and speed loop processing can 
be executed based on this shift command. 

With processing defined in the step S6, the 
register R1 stores the shift command Mcmd for the 
next distribution period; the register R2 stores the 
present shift command Mcmd for the present dis- 
tribution period by which the position and speed 
loop processing is executed; and the register R3 
stores the shift command Mcmd used in imme- 
diately preceding distribution period. 

Moreover, these registers R1 -R3 are all ini- 
tialized to "0" in the beginning of this processing. 

Finally, the counter C is set to "0" in step S7 
before finishing one complete processing of the 
distribution period. 

Subsequently, the CPU of the digital servo 
circuit executes above - described processing in 
each distribution period. Therefore, the flag F1 is 
set to "1" when the sign of the shift command 
Mcmd is reversed. 



On the other hand, the CPU in the digital servo 
circuit executes the processing of Figs. 2 and 3 in 
each position and speed loop processing period. 
First, in step S11, (the CPU) judges whether or not 
5 the value of counter C is equal to or less than 1/2 
of the above - described value N which is to be 
obtained by dividing the distribution period by the 
position and speed loop processing period (i.e., N 
= distribution period/position and speed loop pro- 
70 cessing period). If the value of the counter C is 
equal to or less than N/2, an accumulator SUM is 
modified in step S12 by adding to it the value 
obtained by subtracting the value of the register R3 
from the value of the register R2. 
75 On the other hand, if the value of the counter C 

is larger than N/2, however, the accumulator SUM 
is modified in step S13 by adding the value ob- 
tained by subtracting the value of the register R2 
from the value of the register R1 , and the CPU 
20 proceeds to a step S14. By the way, the accu- 
mulator SUM is initially set to "0". 

In the step S14, the value of accumulator SUN 
is divided by square N, and this divided value is 
next multiplied by the feedforward coefficient a to 
25 obtain a feedforward amount FFO. 

Then, though it is not shown in Fig. 2, a shift 
command corresponding to the position and speed 
loop processing period is obtained by executing 
the DDA processing on the basis of the shift com - 
30 mand Mcmd, which is applied for this distribution 
period and stored in the register R2, and a speed 
command is next obtained, on the basis of thus 
obtained shift command, for carrying out the posi - 
tion loop processing. 
35 Subsequently, thus obtained speed command 

is added to the above - described feedforward 
amount FFO to obtain a speed command Vcmd 
modified by the feedforward amount FFO, and, on 
the basis of this speed command Vcmd, the speed 
40 loop processing will be executed in the same 
manner as the conventional system. 

Next, the counter C is incremented by "1 w in 
step S15. The explanations of the DDA processing, 
the position loop processing and the speed loop 
45 processing are omitted here as these processings 
are the same as those of the conventional system. 

The processing defined by the above -de- 
scribed steps S11-S15 corresponds to a pro- 
cessing for obtaining the feedforward amount FFO. 
so This processing is designed for obtaining feedfor- 
ward amount FFO on the basis of the shift com - 
mand Mcmd inputted to the DDA in each distribu - 
tion period without using the previously described 
equation (1); however, the result of these two pro- 
55 cessings are substantially the same, the reason for 
which will be explained hereinafter. 

For simplicity, the following explanation will be 
made based on the previously described example. 
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That is, the explanation will be made assuming that 
the distribution period is 8 msec; the position and 
speed loop processing period is 1 msec; the 
feedforward coefficiento is "1"; and the shift com- 
mand Mcmd outputted from the CNC in each dis- 
tribution period registers one of the values of "0", 
"0", "8 x 8", and "-16x8", successively. 

When the shift command Mcmd read in the 
step S1 is "8 x 8", both the registers R3 and R2 
store "0", and the register R1 stores "8 x 8". 

Further, if the value of counter C is equal to or 
less than N/2 = 4, the accumulator SUM is added 
with the difference of the value of the register R2 
and the value of the register R3 (assuming that the 
accumulator SUM has been set to "0" in the ini- 
tialization step). 

In this case, since the values of registers R2 
and R3 are both "0", the value of the accumulator 
SUM becomes "0", and the feedforward amount 
FFO also becomes "0". Accordingly, as far as the 
value of the counter C registers any one of 0, 1, 2, 
3 and 4, the feedforward amount FFO becomes 
"0". 

However, the CPU goes to the step S13 from 
the step S1 1 when the value of counter C becomes 
"5". Then, the accumulator SUM is added with the 
value equal to the value of the register R1 minus 
the value of the register R2. As the register R1 
stores a value of "8 x 8"; the register R2, a value 
of "0"; and the accumulator SUM, a value of "8 x 
8". Hence, the feedforward amount FFO obtained 
in the step S14 becomes "1 ". (Refer to Fig. 6) 

Subsequently, the counter C continues to in- 
crement. The feedforward amount FFO will become 
"2" when the value of counter C is "6", and it will 
become "3" when the value of counter C is "7". 
Then, if the value of counter C becomes "8" in the 
step S15, one complete distribution period will be 
finished, and therefore the counter C will be reset 
to "0" again in the step S7. 

Further, in this case, a next shift command 
Mcmd having a value of "-16 x 8" is read in the 
step S1, while the register R3 stores "0" and the 
register R2 stores "8 x 8"; and further the register 
R1 stores "-16 x 8". 

Furthermore, the accumulator SUM is updated 
by adding the value "8 x 8" in the register R2 until 
the value of counter C becomes "4" (since the 
value in the register R3 is "0"). 

When the counter C registers 0, 1, 2, 3 and 4, 
the feedforward amount FFO will become 4, 5, 6, 7 
and 8, respectively. 

Moreover, the accumulator SUM stores a value 
of "8 x 8" x 8 when the counter C registers 4. 
Therefore, when the counter C becomes 5", and 
the CPU proceeds from the step S11 to the step 
S13, the accumulator SUM will be updated in such 
a manner that the value "-16 x 8" stored in the 



register R1 is added to "8 x 8" x 8, and then 
subtracted by "8 x 8" stored in the register R2. As 
a result, the feedforward amount FFO is obtained in 
the step S1 4 can be expressed as 

5 

FFO = (8x8x8 - 16x8 - 8x8)/ 8x8 = 5 

In the same way, the feedforward amount FFO 
becomes 2 when the counter C registers 6, and 

io becomes -1 when the counter C registers 7. 

By executing the same processing as the 
above - described one, the same condition as that 
shown in Fig. 2 is generated, and therefore, the 
same result as that of the equation (2) is obtained. 

75 Returning again to the explanation with refer- 

ence to Fig. 2, the CPU proceeds from the step 
S15 to a step S16, wherein it is judged whether or 
not the flag F1 is "1 In this case, if the flag F1 is 
not set to "1 " in the step S4, i.e., the sign of the 

20 shift command is not reversed, the CPU proceeds 
from S16 to S21, and judges whether or not the 
flag F2 is "1". 

If the flag F2 is not set to "1" (as will be 
described later, this flag F2 will not be set to "1" 

25 unless the shifting direction is reversed), it is fur- 
ther judged in a step S26 whether or not a counter 
D that counts a time period of backlash accelera - 
tion is equal to or less than "0". 

If the counter D gives "0" (as will be described 

30 later, the counter D registers "0" when the back- 
lash acceleration command is not outputted), both 
the feedforward processing and the backlash pro - 
cessing will be finished. 

On the other hand, when the sign of the shift 

35 command Mcmd read in the step S1 as a shift 
command for the next distribution period is re- 
versed against the sign of the shift command 
stored in the register Rz, and the flag F1 is set to 
"1" in the step S4, the CPU proceeds from the 

40 step S16 to step S17. 

Then, it is judged in the step S17 whether the 
sign of the shift command stored in the register R1 
is positive or negative to identify the direction in 
which the sign is changed, i.e., from positive to 

45 negative or from negative to positive. 

If the value on the register R1 is negative, it is 
judged that the sign is changed from positive to 
negative, and the CPU proceeds to a step S18. 
Whereas, if the value on the register R1 is positive, 

50 the CPU proceeds to a step S19. 

In the step S18, it is judged whether or not the 
feedforward amount FFO calculated in the step S14 
is equal to or less than "0". If the feedforward 
amount FFO is larger than "0", the CPU proceeds 

55 to a step S21, and executes a previously described 
processing without initiating a backlash acceleration 
correction. 
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Furthermore, if the feedforward amount FFO is 
less than "0" in the step S19, the CPU proceeds to 
the step S21 in the same manner as the above - 
described case without initiating the backlash ac - 
celeration correction. 

That is, as shown in Fig. 6, even if the sign of 
the next shift command read in this distribution 
period is reversed, the feedforward amount FFO 
will not immediately be reversed. Therefore, the 
backlash acceleration correction will not be ini - 
tiated. 

As obvious from the processing defined in the 
step S12, the reversed shift command will not 
affect the calculation of the feedforward amount 
FFO until the value of the counter C reaches a 
predetermined number of the position and speed 
loop processing period corresponding to a half of 
the distribution period, i.e., N/2, so that the sign of 
the feedforward amount FFO will not be reversed at 
least within a time period corresponding to N/2 
times of position and speed loop processing pe - 
riod. For example, as shown in Fig. 6, even if the 
sign of the next shift command Mcmd is changed 
from positive to negative, the sign of the feedfor- 
ward amount FFO will not be reversed during sev- 
eral periods of position and speed loop processing 
in the beginning of this distribution period. 

However, when it is judged in the steps S18 
and S19 that the feedforward amount FFO equals 
to "0" or its sign is reversed, the flag F2 is set to 
"1 " in step S20. When the flag F2 has been set to 
"1", the CPU proceeds from the step S21 to the 
step S22, wherein the counter D is set to value A, 
which corresponds to a time period required for a 
backlash acceleration correction, and then, in step 
S23, the flag F2 is set to "CT. 

Subsequently, in the next step S24, a backlash 
acceleration correction amount having already been 
set will be outputted. This backlash acceleration 
correction amount is added to the speed command 
Vcmd, which has previously been corrected by the 
feedforward amount. 

Next, the value registered on counter D is 
decremented by 1 in step S25 to finish both the 
feedforward control and the backlash acceleration 
correction control to be carried out in this period. 

As the flags F1 and F2 are already set to "0 M 
in the succeeding position and speed loop pro- 
cessing period, the CPU executes the processing 
defined by the steps S11 to S15, S16, and S21, 
and proceeds to the step S26. And, the CPU car- 
ries out the processings defined by the steps S24 
and S25 so as to perform the backlash acceleration 
correction until the counter C is reduced to "0", 
i.e., until the predetermined backlash acceleration 
correction time has been elapsed. Then, after the 
value registered on the counter D becomes "0", 
the backlash acceleration correction will no longer 



be carried out. 

By repeating the above - described processing, 
the initiating time of the backlash acceleration 
correction can be synchronized with the time when 

5 the sign of the feedforward amount FFO is re- 
versed, so that the backlash acceleration correction 
can be carried out at the optimum position. 

Furthermore, as is described in the foregoing, 
when the feedforward coefficienta is close to "1", 

io the speed command Vcmd inputted in the speed 
loop processing becomes substantially the same 
as the command value determined by the feedfor- 
ward control. 

Thus, it is allowable to detect, whether or not 

75 the sign of above -described speed command 
Vcmd is reversed, without detecting the sign of the 
feedforward amount FFO, and the time when the 
speed command Vcmd is reversed may be des- 
ignated as an initiating time for the backlash ac- 

20 celeration correction. In this case, the judgements 
in the steps S18 and S19 are based on the com- 
parison of the value of this speed command Vcmd 
and "0". 

Fig. 8 is an explanatory view comparatively 

25 showing the shift command outputted from the 
CNC and the sign reversing time of the feedfor- 
ward amount. In this example, a circle having a 
radius of 16 mm is cut at a speed of 4000 mm/min, 
with a distribution period of 8 msec and a position 

so and speed loop processing period of 1 msec. 

In this case, in response to a shift command 
given in each distribution period, a working point 
moves 0.53 mm that is equivalent to 1 .9 degrees in 
terms of a central angle. 

35 As a result, as shown by R in Fig. 8, a position 

where the shifting direction is reversed will be 
dispersed within a width of 1.9 degrees depending 
on an initiating point of the program prepared for 
cutting this circle. 

40 Whereas, the feedforward amount has a 

smaller dispersion of approximately 0.2 degrees as 
shown by S in Fig. 8, so that the accuracy in 
determining an initiation point for the backlash ac- 
celeration can be improved. 

45 According to the present invention, where a 

servomotor actuating a feed rod in the machine 
tool is controlled by the servo system capable of 
carrying out the feedforward control, an initiation 
time of the backlash acceleration correction is 

50 synchronized with a time when the sign of the 
feedforward amount is reversed, or a time when the 
sign of the speed command that has been modified 
by the feedforward amount is reversed, whereby 
the dispersion of turning point occurring in con- 

55 nection with the condition of the shift command, 
which has been distributed, can be absorbed, and 
the backlash acceleration correction can be ex- 
ecuted from the position assuring a higher accu- 
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racy than by the conventional method. 
Claims 

1- A backlash acceleration control method for the 
feed rod of a machine tool driven by a servo 
motor, which is designed to be effective when 
a shifting direction of the feed rod is reversed, 
comprising steps of: 

obtaining a feedforward amount through a 
smoothing processing in which a shift com - 
mand of a position and speed loop processing 
period and other shift commands respectively 
corresponding to several periods arrayed be- 
fore and after this position and speed loop 
processing period are averaged; 

executing a feedforward control on the 
basis of said feedforward amount; and 

initiating a backlash acceleration correction 
at a time when said feedforward amount is 
reversed from positive to negative or vice 
versa. 

2. A backlash acceleration control method in ac - 
cordance with claim 1, in which said smoothing 
processing comprises of the step for obtaining 
an average of a number of shift commands of 
position and speed loop period, whose number 
corresponding to a distribution period, and said 
shift commands consisting of a shift command 
supplied for this position and speed loop pro - 
cessing and other shift commands evenly ar- 
rayed before and after said shift command for 
the position and speed loop processing; and 

said feedforward amount is obtained by 
multiplying the average of said several shift 
commands obtained through said smoothing 
processing by a feedforward coefficient. 

3. A backlash acceleration control method in ac - 
cordance with claim 1, wherein said feedfor- 
ward amount is obtained using a shift com- 
mand supplied for a present distribution period 
in which said present position and speed loop 
processing is carried out, a future shift com - 
mand to be supplied for the next distribution 
period, and a shift command having been 
supplied for last distribution period. 

4. A backlash acceleration control method for the 
feed rod of a machine tool driven by a servo 
motor, which is designed to be effective when 
a shifting direction of the feed rod is reversed, 
comprising steps of: 

obtaining a feedforward amount by 
smoothing shift commands supplied from a 
numerical control apparatus; 

executing a feedforward control on the 



basis of said feedforward amount; 

obtaining a speed command by adding 
said feedforward amount to a value obtained 
by multiplying a positional deviation by a po- 
5 sition gain; and 

initiating a backlash acceleration correction 
at a time when said speed command is re- 
versed from positive to negative or vice versa. 

io 5. A backlash acceleration control method in ac- 
cordance with claim 4, wherein said smoothing 
processing is carried out by taking an average 
of a predetermined number of shift commands 
corresponding to a distribution period, and said 

75 shift commands consisting of a shift command 

supplied for this position and speed loop pro - 
cessing and other shift commands evenly ar- 
rayed before and after said shift command for 
this position and speed loop processing; and 

20 the said feedforward amount is obtained 

by multiplying the average of said several shift 
commands obtained through said smoothing 
processing by a feedforward coefficient. 

25 6. A backlash acceleration control method in ac - 
cordance with claim 4 f wherein said feedfor- 
ward amount is obtained using a shift com- 
mand to be supplied for a present distribution 
period in which said present position and 

30 speed loop processing is carried out, a future 

shift command to be supplied for the next 
distribution period, and a shift command hav- 
ing been supplied for last distribution period. 

35 
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